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Introduction

Military personnel in the field are frequently exposed to cold air and cold water in
combination with sleep deprivation and/or exercise. Under these stressful conditions, they are
required to think clearly and have good motor control and weapons accuracy. Phase I of this
study reported on the possible augmenting effect of the combination of sleep deprivation and
exercise on the expression of shivering, fine motor control and cognitive performance. This
included an evaluation of the magnitude of shivering and voluntary shiver suppression
following cold air/cold water exposure, with and without exercise and/or sleep deprivation.
The protocol also evaluated the effects of cold stress on rifle shooting performance (rate of fire,
accuracy, and judgment), and subjects’ performance on a battery of command and control
relevant cognitive tasks. The relationship of cold exposure and shivering to the ventilatory
cycle was also examined, as well as the relative effects of various cold stressors on urinary
catecholamine production as a possible estimate of the magnitude of overall stress. These
results were detailed in a midterm report entitled “Evaluation of Physiological and
Psychological Impairment of Human Performance in Cold Stressed Subjects,” submitted
March 23, 1990.

In Phase II of this study, the two most effective shiver suppression techniques
(determined in Phase I) were performed in combinatior: with military motor speed and accuracy
tasks during a more severe cold stress, in order to evaluate the effect of the shiver suppression
on fine and gross motor performance. There is no mention of this application of shiver
suppression in the literature, and the effects of intermittent shiver suppression over several
hours of cold exposure are unknown. These studies have broken new ground in the practical

application of voluntary control of stress reactions that typically result in performance




decrements, and have provided useful insights into improvement of human performance under

environmental stress.

Historica! Review:

During cold exposure, activation of peripheral cold receptors and central thermosensitive
structures generates afferent inputs to thermoregulatory centers. In mammals the hypothalamus
contains the primary thermoregulatory control center, however, sub-hypothalamic areas of the
brainstem and spinal cord are also involved in converting thermal input signals to efferent
signals which control thermc-egulatory effectors (35). Activation of these centers initiates and
maintains the efferent neuronal signals that increase muscle activity to produce heat and modify
posture to minimize heat loss (17, 25, 33). As the cold stimulus increases, muscle activity
progresses from increased tone without visible tremor (preshivering tone) to visible shivering
that is characterized by bursts of tremor.

Fully developed shivering exhibits a species specific rhythm resulting from the grouped
discharge of motor units (20). It is believed that these grouped discharges are generated at the
spinal cord level since they have not been observed in the descending supra-spinal drive for
shivering (2,3.37), and because shivering can be elicited in spinal transectioned dogs and
rabbits by cooling of the spinal cord (23,34). Thus it appears that shivering is controlled or
modulated by both central and spinal mechanisms.

Although skivering is considered an involuntary response, like respiration, it can be
temporarily suppressed or inhibited (17). Several investigators have noted that at low
intensities, shivering can be temporarily suppressed by voluntary relaxation and breath holding
(11,14,39). Glickman, et al. (16) reported that even after 4 hours of exposure to -29.9°C air,
his subjects were able to effectively suppress shivering by relaxing.

In addition to voluntary relaxation, shivering can be suppressed by a number of other
non-thcrmoregulatory mechanisms. Martin and Cooper (27), and Klenow et al. (21) noted that
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shivering, as measured by EMG activity, consistently decreased during a mental arithmetic
task, while isometric muscle contractions resulted in variable effects. Burton and Bronk (7)
noted that the intensity of shivering is affected by respiration, increasing on inspiration and
decreasing on expiration. The latter suggests a thermoregulatory reflex involving
thermoreceptors in the upper airways which are cooled on inspiration and warmed on
expiration (9). Other non-thermal sensory stimuli that are known to suppress the shivering
response in mammals include mechanical pressure on the eyeball, mechanical pressure on the
skin (10,22), stretching a muscle (7,17), and electrical stimulation of cutaneous nerves at
frequencies below 50 Hz (22). Cardiovascular and respiratory reflexes also modulate the
shivering response. Low carotid sinus pressure (18,30), lung inflation (30) hypoxia (6,12,15),
and hypercapnia (6,13) have all been demonstrated to inhibit shivering. Noxious stimuli such
as twisting the pinna (40), pin pricks, and blowing on the hair of the back, have been reported
to increase shivering intensity (22). Electrical cutaneous nerve stimulation at frequencies above
50 Hz has also been shown to increase shivering.

The muscle tension and tremor of shivering may impede performance in individuals who
must undertake tasks that involve motor speed and accuracy in a cold environment. Outdoor
sportsmen under emergency conditions, commuters caught unaware of severe weather, or
military personnel who must perform operations under extreme weather conditions are some
examples of critical situations when loss of fine motor control or speed could prove disastrous.
Therefore, it may be useful to develop techniques to improve cold weather performance, and
temporary suppression of shivering during fine motor tasks may be one such useful technique.
Indeed some shiver suppression techniques are already being applied. For example, breath
holding while shooting is a standard marksmanship technique, and mental concentration on a
task may unconsciously inhibit shivering. Hemingway, et al. (17) has suggested that some

suppression of shivering takes place whenever any voluntary movement is initiated.




There are no previous reports in the literature in which shiver suppression has been
applied to improve motor performance. The purpose of these experiments, therefore, is to
evaluate the effectiveness of the two best shiver suppression techniques (as determined in

Phase I) on the performance of militarily relevant motor tasks.




Body
Methods

Subjects:

Male volunteers, 21 to 29 years old, were solicited from Minnesota National Guard
units, local law enforcement agencies, and military reserve units (Air Force, Army and
Navy). Potential subjects were recruited from the aforementioned groups because it was
deemed necessary that they be qualified in the use of firearms (AR15-2 or equivalent , and
Smith & Wesson .357 revolver or equivalent) prior to participation. It was felt that this would
minimize any training or learning effect that might occur during the course of the experi-
ments. Each potential subject was informed as to the general purpose, procedure, and possi-
ble risks of the experiments and gave his written consent prior to any further screening. A
copy of the informed consent document is included as Appendix I. Protocols for this project
had been approved by the University of Minnesota Committee for the Use of Human
Subjects and the United States Army prior to the onset of subject recruitment.

Anthropomorphic data for the final subject pool is contained in Table 1.

Table 1.
Subject Anthropomorphic Data

Subject Height Weight Age 9% Body  Resting  Stress Test Systolic Diastolic

# (cm) (kg) (yrs) Fat Heart Rate Heart Rate BP BP
_ (bpm) (bpm) (mmHg) (mmHg)
1 1388 839 27 21.1 72 165 118 70
2 173 58.6 24 8.5 60 176 116 64
3 175 79.8 29 11.7 60 140 110 78
4 183 96.7 22 12.6 76 175 124 74
5 178 709 25 9.8 76 170 132 64
6 173 804 24 13.7 68 140 126 72
7 179 80.9 23 16.3 100 145 108 62
8 175 64.1 21 10.7 60 125 110 62
9 180 71.4 24 17.7 76 170 124 70
mean  178.2 __ 16.3 _ 24.3 13.6 T2 156.2 118.7  68.4
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Selection and Screening:

Volunteers were first given a 12-lead Electrocardiogram (ECG) which was interpreted
by a physician from the Department of Clinical Sciences, University of Minnesota Duluth
School of Medicine. Percent body fat was estimated by hydrostatic weighing and calculated
using the Brozek formula (5). Volunteers with normal ECG’s, body fats below 25%, and
using no prescription medications were accepted for further screening.

Volunteers then underwent a treadmill exercise test, employing a modified Balke proto-
col (4). This involved walking on a treadmill at a speed of 3 mph starting at a 2% grade. The
grade was increased by 2%, every two minutes, to a maximum of 18%. Blood pressure and
heart rate were recorded during the last 30 seconds at each grade. Any volunteer was
disqualified from further participation in the study if his heart rate exceeded 90% of his age
predicted maximum, his systolic blood pressure exceeded 200 mmHg or his diastolic blood
pressure exceeded 100 mmHg before reaching the 18% grade.

Subjects who passed all of the above screening criteria were familiarized with the labo-

ratory and experimental protocols prior to active participation in any experiments.

Experimental Conditions:

All experiments were conducted in a 130 square foot, thermostatically controlled
(+1.0°C), environmental chamber. Each subject participated in the following three
experimental conditions presented in a counterbalanced order:

1. 'Warm (control): Subjects remained in a 21°C chamber for three hours to obtain

baseline temperatures and performance levels as outlined below.

2. Cold: Subjects were exposed to an ambient temperature of -7°C for 3 hours to obtain

temperatures and performance levels during a cold temperature stress.




3. Shiver Suppression (SST) (Cold with shiver suppression techniques applied):
Subjects were exposed to an ambient temperature of -7°C for 3 hours to obtain temperatures
and performance levels during a cold temperature stress while employing voluntary shiver
suppression techniques during performance of motor speed and accuracy tasks. The total time
during which shivering was suppressed comprised approximately 12% of the 3 hour exposure
period. Two shiver suppression methods (determined as most the most effective methods in

Phase I) were employed:

(1) Breath hold: The subject was instructed to hold his breath while performing the
various motor speed and accuracy tasks presented to him.
(2) Relaxation: The subject was instructed to relax his entire body while performing the

various motor speed and accuracy tasks.

The subjects were familiarized with each technique before the experiment. Instructions
for each shiver suppression method were displayed on a large sign placed in a window of the
environmental chamber in front of the subject. The subject's attention was directed to this
sign to remind him to use the designated shiver suppression technique before each round of
motor tasks began. Shiver suppression techniques were alternated every 30 minutes, starting

with breath hold during the first (0 time) measurements.

Experimental protocol:

Temperature Measurements:

Rectal temperature (TR) was monitored with a disposable rectal thermocouple (Type T,
PhysioTemp, Inc., Clifton, NJ) inserted approximately 10 cm. beyond the anus. Skin temperatures
were monitored using copper-constantan skin thermocouples (#SST-1. Sensortek, Inc., Clifton, NJ)
on the medial calf, medial thigh, lateral upper arm, and chest above the medial end of the left clavi-

cle (see Figure 1).




Figure 1

Thermocouple placement

chest
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finger

thigh rectal

great toe

Mean skin temperature (TMS) was calculated employing the qpproach of Ramanathan (31) as

presented in Equation 1.

TMS = 0.3(Tchest + Tarm) + 0.2(Tcair + Tinign) 1)

All temperatures were sampled 6 times per minute, and one minute averages were
recorded to the nearest 0.1°C using a computerized data acquisition system (Macintosh SE
computer from Apple Computer, Inc., Cupertino CA, equipped with an A/D board and
Analog Connection Workbench data acquisition software from Strawberry Tree Inc.,

Sunnyvale, CA).




Electromyographic Measurements:

Surface electromyograms (EMG’s) were monitored using Ag/AgCl surface electrodes (#D496-
4, AA Biomedical, Windsor CA) over upper trapezius and pectoralis major muscles (Figure 2).
Bipolar electrodes were spaced 3 cm apart over the belly of the muscle with the most distal electrode
being designated the ground. The skin was cleaned and gently abraded with a pumice impregnated
prep pad before application of the electrodes. EMG signals were amplified with a Nicolet Viking
EMG system (Nicolet Biomedical Inc., Madison, WI), and recorded on magnetic tape (Hewlett-

Packard #3968A Instrumentation Recorder, San Diego, CA) for subsequent analysis.

Figure 2.
EMG electrode placement

Trapezius

Pectoralis
Major

After subjects were instrumented at room temperature (approximately 21°C) with skin and
rectal thermocouples, ECG transmitter, and EMG electrodes, they donned cotton underwear and
socks, cotton/polyester long sleeved shirts, cotton long pants, and warm weather boots. Leads from
the ECG, EMG, and temperature sites were attached to harnesses on a belt. The subject could then

move about freely without interference from the many individual leads.

EMG Analysis:

Tape recorded EMG signals were saxﬁpled at 1024 Hz/channel with an A/D converter,
and analyzed utilizing a VAXLAB-GPX™ (Digital Equipment Corp., Maynard MA) and
ILS™ (Signal Technology Inc., Goleta CA) software. Root Mean Square voltage (RMS)




values (Equation 2) were calculated for approximately 30 second segments of continuous

v2+v2+
25+, .. +Y
RMS = ’\/ 2t f

n

data.

Y = voltage measured at the sample point 2
n = total number of sample points analyzed @

EMG data samples were taken from the period immediately preceding the first shot for
each target in both rifle and pistol shooting tasks, during pistol reloading, and during
metabolic rate measurements when no performance tasks (see below) were being done. In the
Shiver Suppression condition, shiver suppression techniques were not applied during

measurement of metabolic rate.

Respiratory & Metabolic Measurements:

A modified lead 2 ECG was raonitored by telemetry (Markham Industries) throughout each ex-
periment to ensure subject safety and to measure heart rates.

Minute ventilation, carbon dioxide production and oxygen consumption were monitored
and recorded using an open circuit spirometry sampling system (Rayfield, Ltd.). Blood pres-

sures were measured with a sphygmomanometer and stethoscope.

Performance Measurements:

Four measures of motor speed and accuracy were recorded immediately after entry into
the environmental chamber and at 30 minute intervals during the exposure period. Military
ammunition pouches, dummy rounds, a laser retrofitted AR15-2 rifle, AR15-2 magazines,
and a laser retrofitted Smith and Wesson 0.357 caliber revolver were used for these tests. The
above rifle and pistol were part of the FireArms Training System (F.A.T.S., Norcross GA)

interactive video firing range used in Phase I of this project. These tests included:
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1. Rifle Magazine Loading: Subjects were instructed to load dummy rounds from a belt-
mounted ammo pouch into AR15-2 magazines as quickly as possible. They were allowed 60
seconds for this task, and the number of rounds loaded/minute was recorded.

2. Rifle loading time and rifle shooting accuracy: Subjects were instructed to remove a
magazine from their belt-mounted ammo pouch, insert it into the rifle, and fire five rounds as
accurately as possible at the target, then eject the magazine and repeat the sequence. The
target used was a video simulation of a silhouette on a 100 yard firing range projectéd by the
F.A.T.S. system, which also recorded the points of impact on or around the target. They were
allowed 120 seconds to fire all 10 rounds.

3. Pistol loading time and pistol shooting accuracy: Subjects were instructed to remove
individual rounds from their ammo pouch and load the pistol, then fire 6 rounds at the video
target (simulated 100 yards, sithouette target as in 2 above), eject the spent cartridges, reload,
and fire six more rounds. They were given 120 seconds to fire all 12 rounds.

4. Rifle steadiness: Movements of the rifle barrel while shooting were measured with
two accelerometers on the rifle barrel oriented in horizontal (x) and vertical (y) planes (see

Figure 3).

Figure 3

Accelerometer (x axis)

l to amplifiers

f

Accelerometer (y axis)
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Performance Analysis:
Times for loading/reloading the rifle were recorded from the “proceed” signal to the first
shot, and between the fifth and sixth shots (i.e. between ejection of first magazine and firing

of first shot of the second magazine) (see diagram below).

"Proceed" 1st shot 5th shot 6th shot 10th shot
P . .
l i Fire \t l ey
Loading Reloading T
Time Time

120 seconds maximum

Times for loading/reloading with the pistol were recorded in a similar fashion except that
there were 2 groups of 6 shots each so that reloading times were recorded between shots 6
and 7 rather than 5 and 6. Shot groupings for both rifle and pistol were evaluated by calculat-
ing the mean distance between shots as a measure of accuracy.

Estimates of steadiness were made by calculating the RMS voltage of the accelerometer

output where 10 mV = 1g.

Temperature and Comfort Perception Measurement:

Subjects’ perceptions of central and peripheral temperature and degree of cold induced
discomfort were evaluated every 30 minutes, immediately before motor performance tests,
using the visual analog scales shown in Figure 4-a & b. Subjects were instructed to draw a
line on an unmarked 100 mm long scale that reflected how they felt about that particular part
of their body. The end points were defined as shown in Figure 4. For evaluation of comfort
the range listed was from “uncomfortable” at the 0 point to “comfortable” at 100 mm.

Temperature perceptions ranged from “cold” at O to “warm” at 100 mm. Separate scales were

12




marked for “Fingers”, “Toes”, and “Rest of Body”. Subjects were also instructed to try to

exclude their fingers and toes when marking their perceptions for “Rest of Body™.

Temperature and Comfort Perception Analysis:
Perceptions were analyzed by measuring the distance between the subject’s mark on the
analog scale and the 0 point (“uncomfortable” or “cold” on the data sheet). Results are

presented in mm.

Figure4a.

Example Comfort Perception Data Sheet

a.
Comfort Perception Scale
Subject CONTROL Time
Condtioft e Rexction time cata
Dawm JRE—
TOES
Uncomfortsbls Comfortable
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Figure4b.
Example Temperature Perception Data Sheet

Temperature Perception Scale
v E—— CONRCL Time:
Corditbn Resction time chte
Dete
TOES
Cold Wam

Upon leaving the chamber at the conclusion of the experiment the subject was discon-
nected from the electrodes and thermocouples and allowed to leave when he had rewarmed to

a comfortable level.

Data compilation:

Detailed data files for all temperature measurements are included in Appendix IL
Temperatures are presented as minute to minute values for each of the nine subjects and for
each of the three conditions. The mean temperature value for the nine subjects at each minute
of exposure is also tabulated. Temperature changes were calculated by determining the

difference between starting and ending temperatures of each experiment. Appendices III-V
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contain tables with individual subject data from perception, firearms, acceleration and EMG
measurements. Mean values of the nine subjects at each time period are also included.
Graphical presentation of this data along with appropriate discussion will be included in the
results section. Multiple Repeated Measures Analysis of Variance and paired Student’s T-
tests were applied to evaluate the effect of shiver suppression on motor speed and accuracy
tests, rectal and mean skin temperatures, temperature perceptions, rifle steadiness, and

muscle EMG activity. Differences were considered to be significant at p < 0.05.

15




Results:

Core Temperatures:

Subjects’ rectal (core) temperatures declined under all three conditions (Figure 5). This
decrease in core temperature was minimal in the Warm condition (0.48°C). In the Shiver
Suppression condition (SST) the core temperature dropped below that observed in the Cold
condition (0.79 °C in the Shiver Suppression condition; 0.67°C in the Cold condition) and

remained lower throughout the 180 minute exposure period.

Figure 5.
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Skin Temperatures:

Mean skin temperatures decreased the most during the Cold and Shiver Suppression
conditions and changed little during the Warm condition (Figure 6). The individual
temperature sites from which mean skin temperature was calculated (Figures 7, 8,9 & 10), as
well as other skin sites monitored (Figures 11, 12, & 13), all demonstrated similar patterns of

decline in the Cold and Shiver Suppression conditions.

Figure 6
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Figure 13

Finger Temperatures
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Table 2 summarizes the change in temperatures (rectal, mean skin, toe, face and finger)
between the beginning and end of each of the three exposures. The asterisk (*) indicates that

the change from the initial (contrel) value was significantly different at p < 0.05.

Table 2.

Drop from control temperatures

Rectal Mean Skin Toe Face Finger
A°C A°C A°C A°C A°C
Warm -0.48* -0.53* -2.7 -1.6 -6.8
Cold -0.67 * -7.7* . -17.4 -19.9 -18.7
SST -0.79 * -6.2* -14.1 -12.4 -14.6
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Cardiovascular - Respiratory Parameters:

During the Warm condition, heart rate decreased continuously over the three hour test

period (Figure 14). On the other hand, for both Cold and Shiver Suppression conditions heart

rate increased, with the largest increase occurring in the Shiver Suppression condition (Figure

14).
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With respect to blood pressure changes, there were no alterations in diastolic pressure

as a function of time of exposure or condition (Figure 15). During the Cold condition there

was a small rise in systolic pressure over time. However, there was no significant difference

between the systolic pressure in the Cold and Shiver Suppression conditions, or between the

Cold or Shiver Suppression conditions when compared to the Warm condition.
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Figure 15
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Minute ventilation (Equation 3) remained constant during the Warm condition, but did
show a significant rise (maximum value of 20 L/min) in both Cold and Shiver Suppression

conditions (Figure 16).

y 3

VE = minute ventilation,

VT = mean tidal volume, and

f = the respiratory frequency
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Figure 16
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Respiratory rate showed considerable variation between subjects but the mean values
were not significantly different between conditions and remained relatively constant over the
exposure time (Figure 17). Therefore, the increase in minute ventilation observed during

Cold and Shiver Suppression conditions was due to an increase in tidal volume.

(&)
|

o

T T T T T 1
0 30 60 90 120 150 180

Time (minutes)

Figure 17
Respiratory Rate

)

S 25+

L

=

E 20—

= —e— Warm
O 15

L -s— Cold
5 101 —— SST
o

P

e

o

a

170]

o}

o

24




The oxygen consumption (V 0:) and carbon dioxide production (V CO:) remained
constant in the Warm condition but rose significantly in both Cold and Shiver Suppression
exposures (Figure 18 & 19). The rise in oxygen consumption with cold exposure was similar
with and without shiver suppression. (Figure 18). A comparable rise in carbon dioxide
production occurred with cold stress (Figure 19), however, the addition of shiver suppression

resulted in a larger increase in carbon dioxide production (Figure 19).

Figure 18
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The respiratory exchange ratio (R in Equation 4) remained constant in the Warm

condition but rose to a new and relatively constant value in the Cold and Shiver Suppression

conditions within the first hour.

R= VCO:/VO: @)

Respiratory exchange ratio in the Shiver Suppression condition was consistently higher

than that in Cold condition (Figure 20). This higher value of the respiratory exchange ratio

was the result of a greater increase in carbon dioxide production than in oxygen consumption.
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Figure 20
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Motor Performance:

Motor performance was assessed using the time associated with the two reloading
maneuvers; rifle, pistol, and the number of shells loaded into magazines (see methods for
detailed description). These variables remained constant during the Warm protocol, but
showed decrements (demonstrated by an increase in the time measurement of rifle and pistol
reloading. and a decrease in the number of shells loaded into magazines) in both cold

exposures (Figures 21, 22, & 23).
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Figure 23

Pistol Reloading
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Cold exposure caused the greatest decrements in the fine motor performance tasks of
rifle (Figure 21) and pistol reloading (Figure 23). In all but the first and last samples pistol
loading was significantly slower during the Cold condition than during the Warm control.
This decrement in performance was reduced by the shiver suppression techniques. Rifle
reloading times also increased through time during the Cold condition, this difference
reaching significance at 90 and 150 minutes into exposure. When shiver suppression
techniques were applied, the rifle reloading times were not significantly different from those
during thc Warm condition and were significantly less than the Cold condition reloading
times only at 90 minutes. Magazine loading results for Cold and Shiver Suppression
conditions (Figure 22) both showed poorer performance than in the Warm condition, with no
differencc between the Cold and Shiver Suppression conditions.

Pistol shot groupings (Figure 24) were not significantly effected by cold exposure, although
there was a tendency toward poorer performance (larger shot grouping) in both the Cold and

Shiver Suppression conditions. Unlike the loading time tasks, a decrement in shooting
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performance was associated with shiver suppression techniques, where shot groupings were

significantly larger.
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Rifle shot groupings (Figure 25) deteriorated over time in the Cold condition and

tended to get worse in the Shiver Suppression condition. Shiver Suppression shot groupings

were significantly larger than their corresponding Cold shot groupings at 0 and 120 minutes.
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Steadiness of the rifle while shooting was expressed as the RMS voltage of the two
accelerometers RMS placed perpendicular to each other on the rifle barrel. Movement in the
x direction (Figure 26) represents unsteadiness in the a plane parallel to the floor and
movement in the y direction (Figure 27) represents movement in a plane perpendicular to the
floor. In the Warm condition, rifle steadiness was constant throughout the test. Cold exposure
resulted in a decrease in steadiness by the end of the exposure period, which is more
pronounced in the y plane than in the x plane. The implementation of the shiver suppression

methods tended to improve steadiness. This was more pronounced in the y plane (Figure 27).

Figure 26
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Figure 27

Rifle Barrel Steadiness While Shooting
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Shivering:

The magnitude of shivering was estimated by calculating RMS voltages of
electromyograms (EMGs) from the trapezius & pectoralis major muscles recorded during
measurement of metabolic rate (resting period) and during performance tasks. Note that in
the Shiver Suppression condition, no shiver suppression techniques were applied during the
metabolic rate measurements. EMG activity during metabolic rate measurement increased in
both the trapezius and pectoralis muscles with time in the Cold and Shiver Suppression
conditions. RMS voltage was significantly greater in the Cold and Shiver Suppression
conditions than in the Warm condition while metabolic rate was being measured (see Figures
28a & 28b). EMG activity tended to be higher in the Shiver Suppression condition than in the
Cold condition, but this was significant only at the 60 minute sample in the pectoralis major

muscle.
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The EMG activity measured in the trapezius muscle during performance measurements
illustrated a different pattern, with the highest activity occurring in the Cold condition, the
lowest in the Warm condition and the Shiver Suppression condition falling in between
(Figures 29a - 32b). There was only a slight tendency for the muscle activity in the trapezius
to increase over time in the Cold and Shiver Suppression conditions during performance
tests. Shiver suppression had no effect on EMG RMS values analyzed from the pectoralis
during pistol loading (Figure 29a), clip loading (Figure 30b), rifle shooting (Figure 32b), and
pistol shooting (Figure 31b) when Cold and Shiver Suppression conditions were compared

over time.

Perception of Temperature and Comfort:

Temperature and comfort perceptions followed similar patterns, being relatively
unchanged in the Warm condition but dropping by approximately 60 - 75% (Figures 33-a -
35-b) early in the Cold and Shiver Suppression conditions . During the last 90 minutes of the
Cold and Shiver Suppression conditions there was relatively little change in perceptions
compared to the first 90 minutes. Temperature and comfort perceptions for the toes
decreased the most, falling below 10 mm. on the 100 mm. analog scale (see Figure 4-a & b)
in the Cold and Shiver Suppression conditions (Figures 34-a & b). Finger (Figures (33a, b)
and “Rest of Body” (Figures 35a, b) perceptions remained above 20 mm. Temperature and
comfort perceptions for both Cold and Shiver Suppression conditions were significantly
lower than in the Warm condition, but temperature and comfort perceptions in the Cold

condition were not significantly different from those in the Shiver Suppression condition.
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Figure 30-a.
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Figure 33-a.

Finger Comfort Perception
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Figure 33-b.
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Figure 34-a.

Toes Comfort Perception

100 —a o—-8—— ¢ ¢
90 4

80 -
70 4
60 - -a— Cold
50 -
40

—e— Warm

—a— SST

30
204
10—

T T T T T *
30 60 90 120 150 180

Time (minutes)

o—

Figure 34-b

Toes Temperature Perception

100 < —a Y
90 ~

80
70 -
60 -8 Cold
50 4
40

—o— Wam

—— SST

30
20 4
10 -

T T T J ! J
30 60 90 120 150 180

Time (minutes)

o—




Figure 35-a.

“Rest of Body” Comfort Perception
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Discussion

The protocols presented here address the following three major points:

1. How the implementation of shiver suppression techniques affects body heat
conservation and temperature regulation under a cold stress situation.

2. How the implementation of shiver suppression techniques affects cardiovascular,
respiratory and metabolic function under a cold stress situation.

3. What effect does shiver suppression have on measures of motor performance in
the cold.

Of primary importance to this discussion is the possibility that some suppression of
shivering takes place whenever voluntary movement is initiated, as suggested by
Hemingway et. al, (17). The results of this report contrast with the findings of Phase I of this
study, where significant suppression of shivering was noted during breath holding and
voluntary relaxation. Though there are trends in the data discussed below which are similar to
the findings in Phase I, the degree to which shivering was suppressed was much less during
performance of motor speed and accuracy tasks (Phase II) than without these tasks (i.e.
suppression techniques alone as in Phase I). The performance of these tasks, which involves
voluntary motion and concentration, may have already suppressed shivering to a level at
which application of the selected shiver suppression techniques had much less effect. Despite
this reduction in the effectiveness of shiver suppression, several significant effects and a

number of interesting trends are worth detailing.

Temperature regulation:
Although core temperature fell in all conditions (Figure 5), the addition of shiver
suppression to the cold stress resulted in a larger drop in core temperature during the time of

exposure. This would indicate that even though the total time of shiver suppression was
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relatively small (approximately 12% of the total cold exposure time) a significant depression
in heat production and/or an increase in heat loss had occurred. The extent to which these
mechanisms are responsible for the greater decline in rectal temperature is unclear, but trends
in the data indicate that both may play a role. Shivering tended to be reduced during the
Shiver Suppression condition during pistol loading, pistol shooting, and rifle shooting,
especially in the earlier portion of the experiment. Shivering increased, however, during the
metabolic rate measurements in the Shiver Suppression condition. Apparently a rebound
effect was taking place in which subjects’ thermoregulatory systems were attempting to
compensate for the decreased heat generation during the periods where shiver suppression
was applied, by increasing shivering during periods where shiver suppression was not
applied. Yet this compensation was obviously inadequate to maintain core temperature.

The decreased core and mean skin temperatures that resulted from suppression of
shivering (Figures 5 and 6) undoubtedly resulted in a greater stimulus to the
thermoregulatory center to increase the intensity of shivering and other thermoregulatory
reactions such as vasoconstriction. However, the results from the different sites of skin
temperature measurement varied. For example the toe and face temperatures were slightly
higher in the protocol with shiver suppression (Figures 11,12). This indicates a reversal of the
expected thermoregulatory vasoconstriction, resulting in greater heat loss from these regions
when shiver suppression was implemented. Other investigations have noted changes in blood
flow distribution with psychomotor tasks (see Allen et al., 1 for review and references)

The changes in temperature and comfort perceptions closely paralleled those in skin
temperature, but gave no indication of the differences in core temperature. When core
temperature was decreasing at a greater rate in the Shiver Suppression condition, subjects
perceived the same discomfort and skin temperatures as in the Cold condition. The authors
have noted similar findings in other studies, namely that temperature and comfort perceptions

only accurately reflect skin temperature, and not core temperature (16).
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Cardiovascular stress:

Both cold exposux:es resulted in an expected increase in heart rate (Figure 14) as
compared to the Warm (control) condition in which the rate decreased with respect to time.
With shiver suppression, the heart rate tended to remain lower than with cold alone, however
it did reach the same value by the end of the exposure. Several mechanisms may be
postulated to account for this lower heart rate. As with shivering, a rebound effect may have
been taking place with heart rate. Heart rates were measured at the same time respiratory
gases were collected when subjects were not performing shiver suppression techniques or
performance tasks. If heart rates were reflexively increascd by concentration on the
performance tasks (1), they may have rebounded to a lower than normal level in between
performance tasks. In addition, lower rectal temperature in the Shiver Suppression condition
would be expected to cause greater peripheral vasoconstriction resulting in central
redistribution of blood flow and thus lower heart rates.

There was no detectable alteration in systolic or diastolic blood pressure as a function

of condition or time.

Respiratory and Metabolic Changes:

Cold exposure resulted in an increase in minute ventilation (Figure 16) which was
slightly higher in the Shiver Suppression condition. This slight increase in minute ventilation
probably resulted from increased drive to the respiratory center from the increase in CO,
production. Since the respiratory rate did not change with condition or time, the increase in
minute ventilation was the result of an increase in mean tidal volume.

The oxygen consumption and carbon dioxide production increased in both cold
exposures (Figures 18 & 19). These changes were slightly higher in the Shiver Suppression
condition, with a larger increase in CO; production than O2 consumption, resulting in a
higher respiratory exchange ratio (a shift toward 1.0) in this group (Figure 20). It is possible
that the increase in metabolic rate in the shiver suppression experiments was an attempt to

compensate for the reduction in heat production associated with the suppression of shivering.
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The shift in the respiratory exchange ratio toward 1.0 could indicate an increase in
carbohydrate metabolism or an increase in anaerobic metabolism, which would produce
carbon dioxide without the consumption of oxygen. The increased ventilatory drive resulting
from higher CO; production would not only result in a higher respiratory rate, but could
increase the urgency of subjects to breath during the breath hold shiver suppression
technique. Both of these results may have been factors in the poor shooting performance in

the Shiver Suppression condition.

Motor Performance:

All reloading procedures employed to monitor motor performance remained relatively
constant as a function of time during the Warm (control) protocol. This would indicate that
there was no learning effect associated with the repetition of the task. Exposure to cold
demonstrated a decrease in motor performance in all reloading tasks as indicated by an
increased time in reloading the rifle (Figure 21) and the pistol (Figure 23) and a decreased
number of shells successfully loaded in the magazine (Figure 22). This could indicate that the
motion associated with shivering is not the primary limiting factor involved with these tasks,
but that most of the performance decrement is due to other causes. As noted above, shivering
may have already been partially suppressed via concentration on the task at hand. Factors
such as numbness of fingers, or distraction caused by overall discomfort are probably
involved. By adding another “task” (the specified shiver suppression technique), it is possible
that another distraction was interjected into the subjects’ thought process, counteracting any
advantages to be gained by controlling shivering activity.

Only in the rifle reloading task did shiver suppression significantly reduce the
performance decrement caused by cold exposure. In the pistol reloading data there is a
strong trend for shiver suppression to improve performance, particularly the relaxation
technique at 30 and 90 minutes. These tasks require more motor speed than psychomotor
planning and maintenance of steadiness as in the shooting tasks. Here the psychological

distraction of the added shiver suppression technique would be less of a factor since these
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tasks required less mental concentration. Perhaps shiver suppression techniques should only
be applied only to such mentally non-taxing motor speed tasks to improve performance.
Shot groupings were used to evaluate shooting accuracy. Pistol shot groupings were not
affected by cold exposure and remained relatively constant with respect to time. The
implementation of shiver suppression tended to increase the pistol shot groupings, indicating
a decrease in accuracy (Figure 24). Rifle shot groupings increased slightly with respect to
time in the cold exposure, and showed deterioration upon implementation of the shiver
suppression techniques (Figure 25). This loss of accuracy while using the designated shiver
suppression technique could be a result of the distraction associated with consciously
attempting to suppress shivering while shooting. Coupled with the maintenance of shooting
accuracy during the Cold condition, and the minimal change in rifle barrel movement with
cold exposure, this suggests the possibility that motion from shivering is being suppressed by

concentration on proper marksmanship techniques.

Shiver Suppression:

As discussed above, the degree of shiver suppression observed in these experiments
was considerably less than in the Phase I experiments when it was not superimposed on
motor performance tasks. Either shivering was suppressed by the performance of the motor
tasks, or subjects were not able to concentrate on the shiver suppression as much and
therefore were less effective in suppressing shivering. Despite the marginal decreases in
EMG activity in the two muscles monitored, it is evident that shivering was suppressed to
some extent since rectal temperatures declined more in the Shiver Suppression condition.

During the majority of the motor performance tasks, shivering activity exhibited no
significant differences between the two shiver suppression techniques. Only in the EMG
activity of the trapezius muscle during pistol loading (Figure 29-b) was there any evidence
that the relaxation technique (applied at 30, 90, and 150 minutes) was more effective than the

breath holding technique (applied at 0, 60, and 120 minutes).
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Summary

Several previous studies, including Phase I of this project, have reported that shivering
can be temporarily inhibited by a number of physical and psychological techniques. Phase IT
of this study investigated the effect of the two most effective shiver suppression techniques
studied in Phase I, on performance of militarily relevant motor performance tasks. It was
postulated that if these techniques were applied for short periods of time during performance
of motor tasks, performance may be improved during temporary reduction of shivering
activity. This approach resulted in marginal improvements only in those motor tasks which
involved a minimum of mental concentration and motor planning (rifle and pistol reloading).
In tasks which required more attention, no improvements, and some decrements in
performance, were noted with addition of shiver suppression techniques.

Several factors were proposed to play a part in these findings: 1) Shivering may have
been suppressed by the cognitive activity that accompanied performance of the motor tasks
themselves, so that the addition of shiver suppression techniques resulted in little or no
additional suppression; 2) the shiver suppression tasks may have distracted subjects during
performance of the motor performance tasks; and 3) shiver suppression caused a greater fall
in rectal temperature and an increase in carbon dioxide production, which may have
decreased subjects’ mental and physical abilities. In light of these findings, it follows that
although shiver may be voluntarily suppressed to some degree, conscious suppression of
shivering should not be applied in an attempt to improve performance of skills which require
mental concentration. For simpler, repetitive motor tasks that require little concentration,
there may be some benefit from shiver suppression.

These results point to several areas in which further investigations could yield
information useful in improving performance during cold exposure. The significant
reduction in core temperature when a relatively small amount of shiver suppression (<12% of

the total time) was applied was an unexpected finding. When coupled with the probability
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that shivering is unconsciously suppressed by many mental and motor tasks, one may
conclude that thermoregulation may be impaired by performance of many tasks, because of
the reduction in heat production from shivering. In light of this concern, future studies in this
area should be designed to determine the thermoregulatory effects of military tasks
performed in cold environments. Second, determination of the effectiveness of shiver
suppression techniques in other simple, repetitive, motor tasks could prove useful. In
addition, determination of which psychomotor tasks suppress shivering the most, and the
mechanism of this suppression, would provide the information necessary to effectively
suppress shivering in other motor tasks in which shivering is not naturally suppressed. With
this information, application of shiver suppression techniques could potentially yield greater

and more consistent improvements in performance.
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VOLUNTARY SUPPRESSICN Cr COLC AZIR-INDUCED SHIVER IN HUMANS.
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and Water Safsty Lakoratcroy, L.._ve-s‘ty of Minnesota-Zuluth
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Ny

Shivering in responsze t:> cold stress is a synchronous
ex
)

contracticn of flexcr and censor muscles that may have
Ecth central and components. To investicate a
possikble higher cortical ccmgenent in shiver modulatizn, 13
lighely dressed hu..an su‘:' c=s were exposed to 0° C air for
paztern of shiver was observed at
23, pectoralis maijor, kiceps,
g3 and socleus. Surface EMGs
were continucusly moni as subjects, while standing,
were asked to perform ore o©f the £ollowing: hold their
Ereath for 10 seconds, dr-ink 8 o0z of warm (120° F) water,
perform mental arithmetic calzulations or simply relax th
muscles as much as possible. Each of these was done in a
counterbalanced order across subjects, and sufficient time
elapsed between trials to alleow the shiver response to
return to baseline intensity.Analysis of t‘me EMG freguency
distributions revealed an average attenuation or suppression
£ shiver RMS amplitude for all muscle sites combined of
1.25% after consuming warm water, 18.7% while parfsrming
mental arithmetniz, 1.48% when holding a breath and 26.92%
during whole becdy muscle relaxation. These data lend sugport
to the notion that there may be a secondary meodulating
effact of shiver at the level of the cerebral cortex and
suggests that shiver may ke suppressed for short periczds of
time by vcluntary activitcies, presumably cortical in crigin.
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Ahstract:

Four methods of suppressing cold-induced shivering were evaluated
in 26 yocung male volunteers exposed to 0.0 + 1.0°C air for 135
minutes. Voluntary relaxation of musculature (R), breath holding
(BH), warm (50°C) water ingestion (W), and performance of a mental
arithmetic task (MA) were applied in a counterbalanced order
following 2 hours of cold exposure. Surface electromyograms of
seven muscles were recorded and converted to root mean square
voltage (RMS) as a measure of shivering intensity. Mean skin and
rectal temperatures decreased significantly, 4.9°C and 0.3°C
respectively (p £ 0.01). Mean reduction of EMG activity was 35%
during R, 24% during BH, 18% during MA, and 5% during W. R was
significantly more effective than BH, MA, and W, and BH and MA
were significantly more effective than W in reducing shivering.
These results indicate that, at small decreases in rectal
temperature, shivering can be voluntarily suppressed to some

extent during relaxation, breath holding, and mental arithmetic.
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Introduction:

During cold exposure, activation of peripheral cold receptors
and central thermosensitive structures generates afferent inputs
to thermoregulatory centers. In mammals the hypothalamus contains
the primary thermoregulatory center, but subhypothalamic areas of
the brainstem and spinal cord are also capable of transforming
thermal input signals to efferent signals controlling
thermoregulatory effectors (26). Activation of these centers
initiates and maintains.the efferent neuronal signals which
increase muscle activity to produce heat and modify posture to
reduce heat loss (10,18). As the cold stimulus increases, this
activity progresses from increased muscle tone without wvisible
tremor (preshivering tone) to visible shivering, which is
characterized by bursts of tremor (10). Fully developed shivering
exhibits a species-specific rhythm resulting from the grouped
discharge of motor units (13). It is likely that the grouped
discharges are generated at the level of the spinal cord since
these types of group discharges have not been observed in the
descending supraspinal drive signal for shivering (2), and because
shivering can be elicited even in chronically spinalized dogs and
rabbits by cooling of the spinal cord (15). Thus it appears that
shivering is initiated and modulated in both central and spinal
centers.

Although shivering is considered an involuntary response,
like respiration, it can be inhibited temporarily (10). Glaser et

al.(8) noted that at low intensities shivering can be temporarily




suppressed by voluntary relaxation and cessation of breathing.
Glickman et al.(9) reported that even after 4 hours of exposure to
-29.9°C air, their subjects were able to effectively suppress
shivering by relaxing.

In addition to relaxation, shivering can be suppressed by a
number of other non-thermoregulatory mechanisms. Martin and
Cooper (19), and Klenow et al. (14) noted that shivering, as
measured by electromyographic (EMG) activity, consistently
decreased during a mental arithmetic task, while isometric muscle
contractions resulted in variable effects. Other non-thermal
sensory stimuli that are known to suppress the shivering response
in mammals include mechanical pressure on the eyeball, mechanical
pressure on the skin (5,15), stretching a muscle (10), and
electrical cutaneous nerve stimulation with a rate less than 50 Hz
(15). 1In contrast, noxious stimuli such as twisting the pinna
(27), pin pricks, blowing on the hair of the ba;k, and electrical
cutaneous nerve stimulation at a rate greater than 50 Hz have been
reported to increase shivering intensity (15). Cardicvascular and
respiratory reflexes also modulate the shivering response. Low
carotid sinus pressure (11), lung inflation (23), hypoxia (6), and
hypercapnia (7) have all been demonstrated to inhibit shivering.

As would be expected, thermal stimuli have been shown to have
an effect on shivering intensity. For example, cooling of the
respiratory tract during cold exposure stimulates shivering by
increasing afferent input from esophageal cold receptors (4), and

application of radiant heat to the face decreases EMG activity of




the biceps brachii, trapezius, and rectus femoris in subjects
exposed to -3°C air for 1 hour (22).

The muscle tension and tremor of shivering may impede
performance in individuals who must undertake tasks that involve
motor speed and accuracy under cold stress. Outdoor sportsmen,
commuters caught unaware of severe weather conditions, or military
personnel who must perform their operations under extreme weather
conditions are just a few examples of critical situations when
loss of fine motor control or motor speed could prove disastrous.
Temporary suppression of shivering during performance of fine
motor tasks may be one way to improve performance during cold
exposure. Indeed some shiver suppression techniques may be
currently in use. For example, breath holding while shooting is
a standard marksmanship technique, and mental concentration on a
task may unconsciously inhibit shivering. Hemingway, et al. (10)
have suggested that some suppression of shivering takes place
whenever a voluntary movement is initiated.

Despite the these references to the ability of man to
suppress shivering, there have been few attempts to quantify the
relative effectiveness of methods of shiver suppression or
correlate this suppression with changes in electromyographic
activity (14,19). The purpose of these experiments was to
evaluate the effectiveness of four shiver suppression techniques
which may be applied to reduce the intensity of shivering in

humans.

Materials and Methods:




Twenty-six male volunteers, 21 to 35 years of age, were
informed as to the general purpose, procedure, and possible risks
of the experiments, and they gave their written consent prior to
participation. Protocols for this project were approved jointly
by the University of Minnesota Committee on the Use of Human
Subjects in Research, the United States Army, and the United
States Navy prior to subject recruitment.

Volunteers were screened with a 12-lead electrocardiogram

(ECG) interpreted by a physician and a treadmill exercise test.

Body fat was measured by hydrostatic weighing. Volunteers with an i
abnormal ECG, inadequate performance on the exercise test, body
fat content in excess of 25%, or using prescription medications
were eliminated from the subject pool. Subjects were then
familiarized with the experimental protocol during an orientation
session. At least one week passed between the orientation and the
first cold exposure test.

All experiments were conducted in a thermostatically
controlled environmental chamber at 0.0 * 1.0°C. After subjects
were outfitted at room temperature (approximately 21°C) with skin
and rectal thermocouples, ECG transmitter, and EMG electrodes,
they donned cotton underwear and socks, cotton/polyester long
sleeved shirts, cotton long pants, and warm weather boots.

Rectal temperature (TR) was monitored with a disposable
rectal thermocouple (Type T, Physiotemp, Inc., Clifton, NJ)
inserted approximately 8 cm beyond the anus. A modified lead 2 ECG
was monitored by telemetry (Markham Industries) throughout cold

exposure to ensure subject safety. Skin temperature was monitored




using copper-constantan skin thermocouples (#SST-1. Sensortek,
Inc., Clifton, NJ) on the right medial calf, right medial thigh,
right lateral arm, and chest above the medial end of the left
clavicle. Mean skin temperature (TMs). was calculated employing

the approach of Ramanathan (24); see Equation 1.

TMs = 0.3(chest + arm) + 0.2(calf + thigh) (1)

Temperatures were sampled 6 times per minute and one minute
averages were recorded to the nearest 0.1°C using a computerized
data acquisition system (Macintosh microcomputer, Apple Computer,
Inc., Cupertino, CA, A/D board and Analog Connection Workbench
data acquisition software from Strawberry Tree Inc., Sunnyvale,
CAa).

Surface EMGs were monitored using bipolar Ag/AgCl surface
electrodes (#D496-4, AA Biomedical, Windsor CA) over seven muscle
groups: superior border of the trapezius, pectoralis major, biceps
brachii, triceps brachii, rectus femoris, biceps femoris, and
soleus. All muscle groups were sampled on the right side.

Bipolar electrodes were spaced 3 cm apart over the belly of each
muscle with the most distal electrode acting as the ground. The
skin was cleaned and gently abraded with an alcohol saturated
pumice pad before electrode application. EMG signals were
monitored with a Nicolet Viking EMG system (Nicolet Biomedical
Inc., Madison, WI), and recorded on macnetic tape (Hewlett-Packard
#3968A Instrumentation Recorder, San Diego, CA) for subsequent

analysis. The EMG signals were sampled at 1024 Hz and analyzed




utilizing a DEC VAXLAB-GPX™ (Digital Equipment Corporation,
Marlboro, MA) and ILS™ software (Signal Technology, Inc., Goleta,
Ca). Root Mean Square Voltage (RMS) values were calculated for

approximately 30 second segments of continuous data (equation 2).

2.2 2
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where Y is the voltage measured at the sample point and n is the
total number of sample points. Control data samples were taken
from the middle of a recorded two minute baseline which preceded
each shiver suppression technique when no activity from voluntary
motion was evident. Experimental data samples were taken from the
shiver suppression periods as described below. RMS data were
analyzed using SPSS software (SPSS Inc. Chicago, Ill) on a
Macintosh microcomputer, (Apple Computer, Inc., Cupertino, CA) by
3-factor analysis of variance (ANOVA) for repeated measures with 7
levels of muscle, 4 levels of shiver suppression technique, and 2
levels of time. Tukey post-hoc comparisons were computed between
suppression techniques. One way analysis of varianee was used to
compare control values to values for each shiver suppression test.
Mean rectal, and mean skin temperatures at the beginning and end
of exposure were compared using paired Student's T-tests.
Differences were considered significant at p < 0.05.

After instrumentation subjects entered the 0°C chamber and

remained there for approximately 2 hours before performing the




four shiver suppression techniques. During these 2 hours they
performed motor skill and psychological performance tests
requiring minimal physical exertion (e.g. simulated firearms
marksmanship tasks, computerized cognitive aptitude battery).
Results of these tests will be reported separately. Shiver
suppression tests were performed at the end of these experiments
to allow sufficient time for the development of intense shivering.
After 2 hours of exposure subjects were instructed to stand with
arms at their sides and refrain from any unnecessary movements
while electromyographic activity was monitored during control
periods and shiver suppression techniques.

Each subject performed four shiver suppression techniques in
a counterbalanced order during the same exposure. Two minutes of
undisturbed shivering preceded each technique. The activity during
these 2 minutes was recorded as a baseline level. The four
techniques employed were: (1) Breath holding; the subject was
instructed to hold his breath for 30 seconds. (2) Relaxation;
the subject was instructed to stand still and attempt to relax his
entire body as much as possible for one minute. (3) Warm water
ingestion; the subject was instructed to drink 177 ml. of warm
(50°C) water within one minute. (4) Mental arithmetic; two
columns of random two digit numbers were displayed side by side on
a sheet of paper. The subject was instructed to add as many of
these pairs together as he could in one minute, verbalizing only
the answer for each calculation. Data was sampled for analysis
from the 2-minute control periods before each technique, and from

the period of time when the subjects were performing each




technique with the exception of warm water ingestion when data was
sampled immediately after the subject set down the empty cup. The
subjects had been previously familiarized with the four technigues
during the orientation session. Instructions for each shiver
suppression method were typed on a card and placed face down in
front of 